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(54) LITHIUM BATTERY 

(57) Abstract: 

PURPOSE: To stabilize voltage and current and 
improve reliability by forming an electrolyte from 
a specified high molecular copolymer cross-linked 
body in which an electrolyte is connected to a 
silicon atom through a hydrocarbon group. 
CONSTITUTION: In a lithium battery in which 
negative and positive electrodes having lithium 
metal, a lithium alloy or a lithium inserting type 

carbon as active materials are constituted through ^/jp fjy 0^4ft< |, 

an electrolyte, the electrolyte is a high ^-^^^W, IPS 

molecular copolymer cross-linked material 
consisting of a high molecular compound containing 
a polyorganosiloxane chain containing a lithium 
carboxylate group represented by the formula I in 
which the electrolyte is connected to a silicon 
atom through a hydrocarbon group and a 
polyoxyalkylene chain. The kind, form, and cross- 
linking density of the high molecular compound are 
not particularly limited. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings* any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The formula* -COO-Li+ which the aforementioned electrolyte combined with the silicon 
atom through the hydrocarbon group in the lithium cell with which the negative electrode which 
makes an active material a metal lithium* a lithium alloy* or lithium insertion type carbon* and the 
positive electrode are constituted through the electrolyte Lithium cell characterized by the bird 
clapper from the macromolecule copolymer bridge formation object which consisted of a 
polyorganosiloxane chain containing the lithium carboxylate machine shown* and a polyoxyalkylene 
chain content high molecular compound. 

[Claim 2] The lithium cell according to claim 1 manufactured by making the polyoxyalkylene chain 
content high molecular compound with which a macromolecule copolymer bridge formation object 
has at least two hydroxyl groups in the polyorganosiloxane which has at least two carboxyl group 
content hydrocarbon groups in (A) 1 molecule* and (B)l molecule* and the mixture which it becomes 
from the alkali compound containing (C) lithium metal atom harden by the dehydration condensation 
reaction. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a lithium cell, the voltage stabilized by all solid- 
states in detail, and the lithium cell which gives current. 
[0002] 

[Description of the Prior Art] In recent years, as for the lithium cell, highly-efficient-izing, a 
miniaturization, and thin shape-ization are progressing much more with development of 
microelectronics. Improvement of the electrolyte with which the material of a negative electrode and 
a positive electrode and improvement of a gestalt are also included in it with last thing in this lithium 
cell is demanded, and a solid electrolyte is becoming important in the meaning which especially gives 
a solid state, high flexibility, and high fabricating-operation nature. Furthermore, various advanced ; 
properties, such as high ion conductivity, the high lithium ion transference number, high-reliability, 
and moisture resistance, are demanded. The solid electrolyte material which dissolved lithium salt in 
the macromolecule resin matrix, and it was made to distribute as such an electrolyte conventionally is 
known. Composition of the solid electrolyte which combined the polyorganosiloxane chain and the 
polyethylene-oxide (PEO) chain especially is tried briskly. For example, make a siloxane and PEO 
construct a bridge over JP,62-209169 y A by the hydrosilylation reaction and radiation (electron iray 
etc.) irradiation by the platinum catalyst, die obtained bridge formation object is made to distribute a 
lithium ion, and what was made into the solid electrolyte is indicated. Moreover, the lithium cell 
incorporating these solid electrolytes is indicated by JP,63-170857,A. However, by these methods, in 
order to dissolve two or more sorts of raw materials, the organic solvent needed to be used. Use of the 
organic solvent had a possibility of having caused complicated-ization of about [ being inapplicable 
to some products ] or a process, and causing aggravation of a work environment, the injury on the 
charge of an edge strip, remains of the organic solvent to an end product, etc. Moreover, even if it 
could dissolve the raw material by the organic solvent, the conclusion nature of crosslinking reaction 
was not completely guaranteed by starting phase separation in process in which the organic solvent 
evaporates etc., but since it was connected with a lack [ deterioration of the quality of a product, and 
repeatability ] etc. after all, there was a problem in utilization. Furthermore, the lithium cell which 
included the solid electrolyte which made the polystyrene which carried out the graft of the 
polyethylene-oxide chain distribute lithium salt in JP,2-230667,A is indicated. Although the 
homogeneity of material improved in this method, there were the following faults. That is, in the 
solid electrolyte of form which distributes the lithium salt stated by JP,63-170857,A, JP,2-230667,A, 
etc., it was that to which movement of an anion takes place simultaneously with a lithium ion by 
electric conduction. In many cases, movement of an anion has many evils and bird clappers. For 
example, when polarization happens into an electrolyte by movement of an anion at the time of 
charge and discharge, the structure of an electrode / electrolyte interface will change with time, and 
the stationary current accompanying movement of a metal ion will not flow. Although an anion 
cannot but exist for charge compensation with a cation, production of reducing the mobility if 
possible, i.e., a cation independent conduction-type solid electrolyte, is tried. For example, after 
making Chemical Society of Japan 1988 spring annual convention lecture number 2XIIC08 carry out 
the plasma polymerization of the benzenesulfonic-acid methyl ester to octamethylcyclotetrasiloxane, 
it is made to compound PEO and the lithium ion independent conduction-type solid electrolyte thin 
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film to which sulfonate ion was fixed is indicated by processing with an iodation lithium further. 
However, the plasma polymerization had the fault of it having been difficult to acquire the structure 
of the macromolecule which a reaction means [ complicated hatchet ], and not becoming a perfect 
lithium ion independent conduction-type solid electrolyte, in this case. Furthermore, there was a fault 
that the application range had restrictions, for a plasma polymerization. Thus, even if it was the case 
where a solid electrolyte was incorporated even if, since the lithium cell proposed till present all had 
the fault in the property or the manufacture method of the solid electrolyte itself, it was not what the 
property and manufacturing method of a cell should satisfy. 

[0003] When there were no above faults, the material which makes it come to distribute a lithium ion 
in a specific macromolecule copolymer bridge formation object was excellent in ion conductivity, 
and may have turned into cation independent conduction-type solid electrolyte material by moreover 
operating composition, as a result of inquiring wholeheartedly that this trouble should be solved, and 
it incorporated as an electrolyte of a lithium cell, this invention persons found out that the above 
faults could be wiped away, and reached this invention. The purpose of this invention is to offer all 
the solid-state lithium cells that give the stable voltage and current. 
[0004] 

[The solution means and operation of a technical problem] This this invention is the formula and - 
COO-Li+ which the aforementioned electrolyte combined with the silicon atom through the 
hydrocarbon group in the lithium cell with which the negative electrode which makes an active 
material a metal lithium, a lithium alloy, or lithium insertion type carbon, and the positive electrode 
are constituted through the electrolyte. It is related with the lithium cell characterized by the bird 
clapper from the macromolecule copolymer bridge formation object which consisted of a 
polyorganosiloxane chain containing the lithium carboxylate machine shown, and a polyoxyalkylene 
chain content high molecular compound. 

[0005] The lithium cell as used in the field of this invention points out both the primary cell which 
are all solid-states, and the rechargeable battery in which charge and discharge are possible for 
explaining this. As a factor which determines primary or secondary, it is mainly the kind of positive 
active material. In this invention, since it aims at the lithium ion independent conductivity previously 
described as one of the highly-efficient-izing of a lithium cell, it is necessary to make second order 
so-called rocking-chair type composition also in which the first order as a form of a lithium cell. That 
is, managing the cell reaction in positive/negative two poles is taken only as a lithium ion. Therefore, 
it is necessary to be the form from which it sets to a positive electrode, and a lithium ion is inserted 
and (at the time of electric discharge) desorbed (at the time of the charge in a rechargeable battery). 
Although it does not have the sandwich structure of a negative-electrode-solid electrolyte-positive 
electrode as structure of a cell and a size, thickness, and a gestalt are not limited, Oshi's thing is 
typically possible even for a coin type and the cylinder type of a spiral method from area 2 and the 
paper type with a thickness of about about 1mm of several cm. Although a negative electrode uses a 
lithium metallic foil typically, especially if the lithium metal as a negative-electrode active material is 
the conductive sheet which exists with the gestalt effective in electrode reaction, it will not be 
limited. For example, the thing by which the lithium etc. was held, or a lithium-aluminium alloy is 
mentioned to a carbon sheet. Although it will not be limited as an active material of a positive 
electrode especially if the above-mentioned cell reaction can be started, an inorganic stratified 
compound is used typically. For example, manganese dioxide, oxidization vanadium, 2 titanium 
sulfides, cobalt oxide, nickel oxide, molybdenum sulfides, these complex, etc. are used. It is usually 
weak, and the work to which conductivity uses an organic resin for a low sake as caking additive, and 
it is made a tabular is carried out, or, as for these compounds, a carbon particle etc. is added as a 
conductive grant agent. Moreover, it is suitable if the stratified compound which made structure 
incorporate a lithium atom in part from the permanence of the layer structure by the cycle of charge 
and discharge or the absorptivity and desorptivity of a lithium ion is used when building especially a 
rechargeable battery. 

[0006] subsequently, explaining the above-mentioned macromolecule copolymer bridge formation 
object this bridge formation object — the alkylene machine of the carbon numbers 1-8, such as a 
methylene group, an ethylene, a propylene machine, a butylene machine, a pentylene machine, a 
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hexelene machine, a heptylene machine, and an octylene machine, — a hydrocarbon group which is 
illustrated with the arylene machine of the carbon numbers 8-20, such as; phenylene group and a 
naphthylene machine That what is necessary is just to consist of the lithium carboxylate machine 
content polyorganosiloxane chains and polyoxyalkylene chain content high molecular compounds 
which were minded and were combined with the silicon atom and which have a formula and the 
chemical structure shown by -COO-LB- It is not limited about the kind of the high molecular 
compound, a gestalt, and especially crosslinking density. 

[0007] Since the basis (-COO-) in which the solid electrolyte of this invention contains the above 
anions is combined with the silicon atom through the hydrocarbon group, the mobility of an anion is 
extremely low. Therefore, in this macromolecule copolymer bridge formation object, a lithium ion 
dissociates from an anion, and when a lithium ion moves, ion conductivity is discovered. If the kind 
of anion which exists in a macromolecule copolymer bridge formation object is only -COO-, this 
solid electrolyte material will work as a lithium ion independent conductor. 

[0008] The method of the following [ method / desirable about the manufacture method of this solid 
electrolyte ] is recommended. "How to manufacture by making the polyoxyalkylene chain content 
high molecular compound which has at least two hydroxyl groups in the polyorganosiloxane which 
has at least two carboxyl group content hydrocarbon groups in (A)l molecule, and (B)l molecule, 
and the mixture which consists of an alkali compound containing (C) lithium metal atom harden by 
the dehydration condensation reaction." 

[0009] The ratio of the siloxane unit which it is required to have two or more carboxyl group content 
hydrocarbon groups, and this carboxyl group content hydrocarbon group combined in 1 molecule in 
order for the polyorganosiloxane of the (A) component to form a macromolecule copolymer bridge 
formation object for explaining this, and the other siloxane unit What is within the limits of 0.01-100 
is desirable. Although any of the shape of a straight chain, the letter of branching, annular, reticulated, 
and the three-dimensional structure are sufficient as the molecular structure of this component, as for 
the ease of formation of a macromolecule copolymer bridge formation object to more than the half, it 
is desirable that they are the shape of a straight chain and a letter of branching. Moreover, although 
especially the molecular weight is not limited, in order to obtain the moderate hardness as the ease of 
manufacture, and a macromolecule copolymer bridge formation object, it is desirable that it is within 
the limits of 1 million- 1 million. (A) As a carboxyl group content hydrocarbon group of a component, 
the basis shown by general formula HOOC-R1- (Rl is the arylene machine of the carbon numbers 6- 
20, such as an alkylene machine of the carbon numbers 1-8, such as a methylene group, an ethylene, a 
propylene machine, a butylene machine, a pentylene machine, a hexylene machine, a heptylene 
machine, and an octylene machine, or a phenylene group, and a naphthylene machine, among a 
formula.) is mentioned, for example, also in these, a carboxy (A) As organic machines other than the 
carboxyl group content hydrocarbon group in a component, aralkyl machines, such as aryl group; 
benzyls, such as alkyl group; phenyl groups, such as a methyl group, an ethyl group, and a propyl 
group, a tolyl group, and a xylyl group, and a phenethyl machine, are illustrated, for example. 
Moreover, as a basis combined with the silicon atom, a small amount of hydrogen atom and an 
alkoxy group may be contained. As for more than the half of the ORGANO machine combined with 
the silicon atom from a viewpoint of economical efficiency and the formation nature of a good 
macromolecule copolymer bridge formation object, it is desirable that it is a methyl group. As this 
polyorganosiloxane, the methyl carboxy propyl siloxane dimethylsiloxane copolymer by which chain 
both ends were blocked with the trimethylsiloxy machine, and the methyl carboxy propyl siloxane 
methylphenyl siloxane copolymer by which chain both ends were blocked with the trimethylsiloxy 
machine are mentioned, for example. Although various methods are learned as the synthetic method 
of this polyorganosiloxane, the annular object and end halt agent which are obtained by carrying out 
the cohydrolysis of the ORGANO dichlorosilane which has a cyano group as the one method, and the 
ORGANO dichlorosilane which does not have a cyano group are stirred in sulfuric-acid solution, and 
the reaction which a cyano group converts into a carboxyl group, and the method of making ring 
opening polymerization start are mentioned. 

[0010] (B) The high molecular compound of a component is the cross linking agent of the above- 
mentioned (A) component, and in order to carry out the work as a cross linking agent, it needs to 
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contain at least two hydroxyl groups in 1 molecule. Moreover, although it is desirable to have 
polyoxyalkylene chain in a macromolecule copolymer bridge formation object for a high ion 
conductivity manifestation, for that, it is required in the high-molecular-compound structure of the 
(B) component to contain polyoxyalkylene chain. 

[001 1] By the way, it is very important that the (A) component and the (B) component dissolve 
mutually in order that using a solvent in process may bring about the conclusion of about [ avoid ] 
and crosslinking reaction, the structure of a bridge formation product, and the good repeatability of 
physical properties. (A) It is desirable to have the siloxane unit about the molecular structure and the 
chemical structure of the (B) component for dissolving with a component, and it is a general formula 
[-izing 1] from the ease of formation of a macromolecule copolymer bridge formation object etc. 

R 2 R* R 2 

I I I 

R 2 aS i 0 (S i 0) a (S i 0) b (S i 0) c S i R 2 * 

R 2 I R 3 - (R 4 0> P-R 5 

R*-(R 4 0)P-H 

(— an organic machine univalent in R2, an organic machine divalent in R3, an organic machine 
univalent [ 4 / R] in an alkylene machine and R5, and a and c are / integer / of 2-1000 / and p of 
integer / of 0-1000 / and b / the integers of 2-100 among a formula The polyorganosiloxane which has 
polyoxyalkylene chain which has a hydroxyl group at the end shown by) as an at least 2 graft chain is 
desirable. As for this organopolysiloxane, aralkyl machines, such as aryl group; benzyls, such as alkyl 
group; phenyl groups, such as a methyl group, an ethyl group, and a propyl group, a tolyl group, and a 
xylyl group, and a phenethyl machine, are illustrated among an upper formula, as for R2. Moreover, a 
small amount of hydrogen atom and an alkoxy group may be contained in part. As for more than the 
half of R2, from a viewpoint of economical efficiency and the formation nature of a good 
macromolecule copolymer bridge formation object, it is desirable that it is a methyl group. R3 is 
divalent organic machines, such as arylene machines, such as an alkylene machine of the carbon 
numbers 1-8, such as a methylene group, an ethylene, a propylene machine, a butylene machine, a 
pentylene machine, a hexylene machine, a heptylene machine, and an octylene machine, or a 
phenylene group, and a naphthylene machine. R4 is alkylene machines, such as a methylene group, an 
ethylene, a propylene machine, a butylene machine, a pentylene machine, a hexylene machine, and a 
heptylene machine. R5 is acyl groups, such as an alkyl group; acetyl group or propionyl machines, 
such as a methyl group, an ethyl group, and a propyl group. Although a and c are within the limits of 
0-1000, b is within the limits of 2-1000 and it is not limited especially, respectively, in order for the 
(A) component and the (B) component to dissolve, a and the ratio of (b+c) have desirable within the 
limits of- (1:5) (5:1). 

[0012] Although various methods are learned as the synthetic method of this graft copolymer The 
polyoxyalkylene to which a part of side chain has an unsaturation hydrocarbon group at the piece end, 
and it has an acyloxy machine at the other ends as the one method at the polyorganosiloxane which 
replaced by the hydrogen atom, The graft of the polyoxyalkylene which has an unsaturation 
hydrocarbon group at the piece end, and has a trimethylsilyl machine at the other ends is carried out 
by the hydrosilylation reaction with a predetermined ratio. The method of converting only the 
trimethylsilyl machine of a graft end into a hydroxyl group by the alcohol of an excessive amount is 
mentioned to after an appropriate time. 

[0013] (B) Although a component is a high molecular compound which has at least two hydroxyl 
groups in the above 1 molecules, and contains polyoxyalkylene chain in structure When higher ion 
conductivity is required, this high molecular compound is general formula HO-(R60) q-H (an 
alkylene machine and q of R6 are the integers of 1-100 among a formula.). Polyoxyalkylene or HO- 
(R70) r-R8 (an organic machine univalent [ 7 / R] in an alkylene machine and R8 and r are the 
integers of 1-100 among a formula.) which has a hydroxyl group in the chain both ends shown It is 
desirable that it is polyoxyalkylene which has a hydroxyl group at the piece end of a chain shown. R6 
and R7 of the upper formula of this polyoxyalkylene are alkylene machines, such as a methylene 
group, an ethylene, a propylene machine, a butylene machine, a pentylene machine, a hexylene 
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machine, and a heptylene machine. R7 is acyl groups, such as an alkyl group; acetyl group or 
propionyl machines, such as a methyl group, an ethyl group, and a propyl group, q and r are within 
the limits of 1-100, and its within the limits of 5-20 is desirable. The condensation reaction of the 
polyoxyalkylene which has a hydroxyl group at the polyoxyalkylene or the piece end of a chain which 
has a hydroxyl group in these chain both ends is carried out to the above-mentioned (A) component, 
and it carries out the work which increases the content of the bridge formation chain of 
polyoxyalkylene, or a graft chain into a macromolecule copolymer bridge formation object. Even if 
this bridge formation chain or a graft chain does not exist, the bridge formation chain or graft chain of 
polyoxyalkylene can be made to form by the polyoxyalkylene chain in a high molecular compound in 
this invention. Since there is a limitation in the amount of introduction of the polyoxyalkylene chain 
in a high molecular compound in the conditions which the (A) component and the (B) component 
dissolve, make it however, more desirable to contain the polyoxyalkylene which has a hydroxyl group 
at the polyoxyalkylene or the piece end of a chain which has a hydroxyl group in chain both ends in 
the (B) component. Moreover, in this invention, the direction where the graft chain of 
polyoxyalkylene existed a little in the macromolecule copolymer bridge formation object is in the 
inclination whose ion conductivity improves. 

[0014] (C) Although a component is an alkali compound containing a lithium atom arid especially the 
kind is not limited, a hydroxide, an alcoholate, a hydride, etc. are desirable and it is desirable to be 
used, especially the gestalt of a hydroxide, i.e., a lithium hydroxide, (LiOH). This (C) component 
carries out the role which finally forms the carboxyl group in the (A) component into lithium 
carboxylate by dehydration at the same time it carries out the catalysis of the esterification reaction of 
the (A) component and the (B) component. Consequently, as a macromolecule copolymer bridge 
formation object, it is fixed to a siloxane polymer chain and an anion (carboxylate ion) becomes the 
gestalt by which the cation (lithium ion) which is a counter ion was distributed. Moreover, as for the 
variance, it is desirable that ratio ratio [ of the number of mols [Li+] of a lithium ion to the number of 
mols of the oxy-alkylene machine in a macromolecule copolymer bridge formation object [RO] ] 
[Li+]/[RO] sets to 0.005-0.25, and it is 0.02-0.1 more preferably, this - this ratio if 0.25 is exceeded - 
- the polarity of a macromolecule copolymer bridge formation object — going up — the 
maneuverability of a segment — bad ~ becoming ~ moreover — It is because ion conductivity high 
from the fall of the number of carriers will become difficult to get if it becomes less than 0.005. 
Moreover, the number of mols of the carboxyl group in the (A) component, the number of mols of the 
hydroxyl group in the (B) component, and the ratio of the sum total of the alkali equivalent in the (C) 
component are within the limits of - (1:10) (10:1), and its within the limits of - (1.0:1.2) (1.2:1.0) is 
desirable. Although the macromolecule copolymer bridge-formation object which the esterification 
reaction occurred and solidified by any ratio is obtained, this has (A) - (C) component in the 
inclination which will be in the state where of an unreacted carboxyl group or an unreacted hydroxyl 
group remained in solid electrolyte material, when the ratios of the number of mols of the number of 
mols of the hydroxyl group in the (B) component, the sum total of the alkali equivalent in the (C) 
component, and the carboxyl group in the (A) component differ sharply. Since it is expected that 
, evils, such as a reaction with electrode material, happen when the solid electrolyte in this state is 
included in a cell, it is not desirable. Moreover, if the above-mentioned mole ratio is set to 1, an anion 
kind will serve as only carboxylate ion to which only the lithium ion was fixed, and a cation kind will 
serve as a perfect lithium ion independent conduction-type solid electrolyte. 
[0015] Although the mixture which consists of a (A) component - (C) component in this method is 
stiffened by the dehydration condensation reaction and a macromolecule copolymer bridge formation 
object is made to form, this bridge formation object is mainly formed of the esterification reaction of 
the carboxyl group in the (A) component, and the hydroxyl group of the (B) component. 
Esterification reaction catalysts, such as a conventionally well-known reaction means, for example, 
alkali etc., by which it is used for the reaction of a carboxyl group and a hydroxyl group as the 
reaction means, are used, and the method of making it react to the bottom of ordinary temperature or 
heating can be used. Moreover, in order that heating may remove the water which is the by-product 
generated by the esterification reaction at the same time it promotes this esterification reaction, it is 
an effective technical means, and the temperature is usually 150 degrees C or less. Moreover, this 
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crosslinking reaction can be performed on condition that a non-solvent (A) A component and the (B) 
component are uniformly mixable easily by operation of stirring etc. (C) You may add, after making 
it dissolve in the (B) component beforehand or mixing the (A) component and the (B) component, 
since a component has solubility to an oxy-alkylene chain. (C) Although operation of stirring etc. is 
also possible for the dissolution to the oxy-alkylene chain of a component, for dissolution time 
shortening, operation of heating or ultrasonic irradiation or addition of very little water is effective. 
Moreover, when use of the organic solvent is permissible in a dissolution process, a (A) component - 
(C) component may be mixed and dissolved in the organic solvent, and a solvent may be evaporated 
after an appropriate time. Although especially this organic solvent is not limited, a tetrahydrofuran, a 
dioxane, an acetonitrile, a JIMECHI formamide, and dimethyl sulfoxide are mentioned, for example. 
Moreover, since this esterification reaction generates water as a by-product, it is desirable to put the 
mixture of a (A) component - (C) component under reduced pressure finally, for example, the method 
of heating under reduced pressure, after advancing an esterification reaction to some extent under 
ordinary-pressure heating, and performing simultaneously the removal of water and the conclusion of 
an esterification reaction which were generated is recommended. However, when a solvent is used for 
a dissolution process, after advancing an esterification reaction to some extent below with the boiling 
point of the organic solvent under an ordinary pressure, the organic solvent is evaporated and it is 
necessary to heat under reduced pressure after an appropriate time. 

[0016] Although the lithium cell of this invention comes to combine the above-mentioned positive 
electrode, a negative electrode, and a solid electrolyte, it is not limited especially about the building 
method. You may combine three persons, after producing each separately. However, since the 
efficiency as a cell increases so that the touch area in an interface is generally large, after carrying out 
the cast of the mixture of a solid electrolyte raw material on a positive electrode, making crosslinking 
reaction perform and film-izing, the method of making a negative electrode rival is recommended, in 
order that [ moreover, ] a negative electrode and a solid electrolyte may receive transformation with 
moisture — production of a cell — dry air — it is necessary to carry out in the atmosphere of inert gas, 
such as an argon, preferably 
[0017] 

[Example] Hereafter, an example explains this invention to a detail more. In addition, measurement 
of the ionic conductivity of a solid electrolyte was performed by the following method. The solid 
electrolyte was cast in the shape of a film, and it considered as test sample. After measuring the 
thickness of this sample with a micrometer, the platinum electrode of the shape of a circular plate 
with a diameter of 1cm is stuck to both sides of a sample. After installing in the reduced pressure 
container which can set this whole as arbitrary temperature, decompressing to the high vacuum of 10 
to 5 or less Torrs and the state of a sample fully reaching a balance, 5Hz - 13MHz alternating voltage 
was impressed by the LCR meter (4192made from YOKOGAWA ELECTRIC Hewlett Packard A), 
and conductivity was measured by the complex impedance method. 
[0018] 

[Example 1] What is depended on the conventional technology (sample 2) was produced for the thing 
(sample 1) depended on this invention as a solid electrolyte, and property comparison. 
[0019] Stirring mixture of compound (l)0.384g, compound (2)0.450g, compound (3)0.167g, 12.2mg 
of lithium hydroxides, and 0.1 6g of water shown in the sample 1 following was carried out, the 
ultrasonic wave was irradiated, and it was made to fully dissolve. After slushing this solution into the 
pan made from the Teflon of 3 cm around and heating it at 120 degrees C on a hot plate for 2 hours, 
when the vacuum drying was carried out for four days at 140 degrees C by the vacuum dryer, the film 
with the transparent thickness of 0.3mm was obtained. Since that the peak originating in a hydroxyl 
group and an isolation carboxylic acid is not accepted, the stretching-vibration peak of the carbonyl 
group by esterification being seen by 1 740cm- 1, and the unsymmetrical stretching-vibration peak by 
carboxylate ion were seen by 1 600cm- 1 when the infrared absorption spectrum of this film was 
investigated, it turns out that the esterification reaction is performed nearly completely. When the ion 
conductivity of a film was measured, the value of 2.0x10-7 S-cm -1 was acquired at 25 degrees C. 
Compound (1): [Formula 2] 
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CHa CHa CH 3 CHa 

II I I 

CH3S i 0 (S i 0) 35 (S i 0) a 5 S i CHa 
II II 

CHa I CHa CHa 

(CHa) aCOOH 

Compound (2): [Formula 3] 

CHa CHa CHa CHa 

II II 
CHaS iO (SiO)a(SiO-)fSiCH» 

CHa I CHa CHa 

(CHa) a (CHaCHaO) 12 H 

Compound (3): HO(CH2CH20)12CH3 [0020] After having carried out stirring mixture of compound 
(l)0.278g, compound (2)0.527g, compound (3)0.195g, and 30.8mg of lithium perchlorates used by 
sample 2 sample 1, having irradiated the ultrasonic wave, making it fully dissolve and adding 3micro 
of decinormal hydrochloric-acid ethanol solutions 1, when the same stoving processing as a sample 1 
was performed, the film with the transparent thickness of 0,3mm was obtained. When the infrared 
absorption spectrum of this film was investigated, it turns out [ that the peak originating in a hydroxyl 
group and an isolation carboxylic acid is not accepted, and / as which the stretching-vibration peak of 
the carbonyl group by esterification is regarded by 1 740cm- 1 ] that the shell and the esterification 
reaction are rattlingly performed nearly completely. When ion conductivity was measured, the value 
of 4.8x10-5 S-cm -1 was acquired at 25 degrees C. 

[0021] The lithium foil with a diameter [ of 1cm ] and a thickness of 0.14mm was stuck to both sides 
of the sample 1 with a direct-current-voltage impression examination thickness of 0.3mm and a 
sample 2, this whole was installed in the reduced pressure container, after it decompressed to the high 
vacuum of 10 to 5 or less Torrs at 25 degrees C and the state of a sample fully reached the balance, 
the direct current voltage of IV was impressed to both the lithiums foil, and flowing aging of current 
was observed. By the sample 1, 5.2micro of early current A continued for about two days, and it was 
confirmed that this ion conductivity material is cation independent conduction-type ion conductivity 
material. On the other hand, two days after by the sample 2, 79micro of early current A fell to 
4.4microA. Subsequently, the lithium cell was constituted using the solid electrolyte of samples 1 or 
2. The lithium-manganese multiple oxide used as a positive-electrode material was prepared by the 
method stated to SanyoTechnical Review and 20,1 14 (1989) by Noma and others. Lithium hydroxide 
After often mixing 0.1 18g and lg of chemosynthesis manganese dioxide, it heated in 20-hour air at 
375 degrees C, and the specified substance was obtained. When casting to an electrode, Teflon 5mg 
was added as acetylene black 20mg as 30mg of this lithium-manganese multiple oxide, and an 
electric conduction agent, and a binder, pressurization molding was carried out, and it obtained. The 
cross section of the cell produced using this positive electrode was shown in drawing 1 . The charge- 
and-discharge cycle test was performed about the lithium cell with which samples 1 or 2 were 
incorporated. 3.5 V and minimum voltage at the time of electric discharge were performed for the 
upper limit voltage at the time of charge as 2.5V by the constant current (3.77 or 37.7microA/cm -2). 
The voltage-time curve in a cycle typical to drawing 2 was shown. By the cell (a) incorporating the 
sample 1 obtained by this invention, not seeing and the inclination to go up further has most decline 
in the efficiency accompanying the repeat of charge and discharge. In the cell (b) incorporating the 
sample 2 obtained with the conventional technology, and the (example 1 of comparison), decline in 
the efficiency by the repeat of charge and discharge was seen. Transition of the service capacity for 
every cycle was shown in drawing 3 . To having seldom changed the service capacity for every cycle 
by the cell (a) incorporating the sample 1, but being stable, in the cell (b) incorporating the sample 2, 
and the (example 1 of comparison), stability was missing and service capacity also fell gradually. 
[0022] 

[Example 2] Compound (4)10g shown below was dissolved in about 500ml toluene / n-butyl alcohol 
(1/1) mixed solvent, the 76.42mg lithium hydroxide was added, it fiilly stirred, and the carboxyl 
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group in a compound (4) was made to form into lithium carboxylate completely. Stirring mixture of 
compound (5)0.154g which removes a solvent completely after an appropriate time, and is shown in 
0.772g of obtained oily matter and the following, and the compound (6)0.074g was carried out, the 
ultrasonic wave was irradiated, and it was made to fully dissolve. After adding about 20mg of phenyl- 
1-hide ROKISHI isopropyl ketones to this mixture as a photosensitizer (4-isopropyl), when it slushed 
into the pan made from the Teflon of 3cm around and the ultraviolet rays of 160 W/cm from a high- 
pressure mercury lamp were irradiated for 6 seconds in 5cm distance from the perpendicular upper 
part, the film with the transparent thickness of 0.3mm was obtained. After carrying out reduced 
pressure drying of this for two days at 70 degrees C furthermore, when ionic conductivity was 
measured, the value of 1 .6x10-7 S-cm -1 was acquired at 25 degrees C. Moreover, when the same 
direct-current-voltage impression examination as an example 1 was performed, the current of 
4.7microA continued for about two days. When the still more nearly same lithium cell as an example 
1 was produced, early service capacity is 2.5 mAh/g and became 20 cycle eye with 2.3 mAh/g. 
Compound (4): [Formula 4] 

CHa CHa CHa CHa CHa CHa 

I I I I I: I 

CHaS i O (S i 0) i5 (S i 0) «- (S i O) e (S i 0) 64 S i CHa 
I I I I I 

CHa (CH 2 ) 3 SH I CHa CHa 

(CHa)aCOOH 
(CHa)aS CCH 2 )aO CC H 2 C H 2 0 ) i 2 C Ha 

Compound (5): CH2=CH-CH20(CH2CH20)12CH2-CH=CH2 compound (6):CH2=CH-CH20 
(CH2CH20)12CH3 [0023] 

[Example 3] Compound (7)10g shown below was dissolved in about 500ml toluene / n-butyl alcohol 
(1/1) mixed solvent, the 86.67mg lithium hydroxide was added, it fully stirred, and the carboxyl 
group in a compound (7) was made to form into lithium carboxylate completely. Stirring mixture of 
compound (5)0.170g which removed the solvent after an appropriate time completely, and used it for 
it in 0.749g of obtained oily matter and the example 1, and the compound (6)0.08 lg was carried out, 
the ultrasonic wave was irradiated, and it was made to fully dissolve. After 2.47microl Adding a 
chloroplatinic-acid 6 hydrate (H2PtC16.6H20) isopropyl alcohol solution to this mixture 2% of the 
weight as a hydrosilylation catalyst, it slushed into the pan made from the Teflon of 3cm around, and 
when heated within the oven adjusted to 70 degrees C for 2 hours, the film with the transparent 
thickness of 0.3mm was obtained. After carrying out reduced pressure drying of this for two days at 
70 degrees C furthermore, when ionic conductivity was measured, the value of 1.8x10-7 S-cm -1 was 
acquired at 25 degrees C. Moreover, when the same direct-current-voltage impression examination as 
an example 1 was performed, the current of 4.9microA continued for about two days. When the still 
more nearly same lithium cell as an example 1 was produced, early service capacity is 3.5 mAh/g and 
became 20 cycle eye with 2.9 mAh/g. 
Compound (7): [Formula 5] 

CHa CHa CHa CHa CHa CHa 

III I II 

CHaS iO(SiO)e(SiO)i B (Si 0) is (S i 0) 64S i CHa 

CHa I H 
(CH*) aCOOH 



I I 

CHa CHa 



CCH 2 ) aO (CHsCHaO) i*CH 3 



[0024] 

[Effect of the Invention] In the lithium cell with which the negative electrode to which the lithium 
cell of this invention makes an active material a metal lithium, a lithium alloy, or lithium insertion 
type carbon, and the positive electrode are constituted through the electrolyte The aforementioned 
electrolyte combined with the silicon atom through the hydrocarbon group. A formula, -COO-Li+ 
Since it consists of a macromolecule copolymer bridge formation object which consisted of a 
polyorganosiloxane chain containing the lithium carboxylate machine shown, and polyoxyalkylene 
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chain The stable voltage and stable current are given and there is the feature of having high reliability. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD ~~ 

[Industrial Application] this invention relates to a lithium cell, the voltage stabilized by all solid- 
states in detail, and the lithium cell which gives current. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] In the lithium cell with which the negative electrode to which the lithium 
cell of this invention makes an active material a metal lithium, a lithium alloy, or lithium insertion 
type carbon, and the positive electrode are constituted through the electrolyte The aforementioned 
electrolyte combined with the silicon atom through the hydrocarbon group. A formula, -COO-Li+ 
Since it consists of a macromolecule copolymer bridge formation object which consisted of a 
polyorganosiloxane chain containing the lithium carboxylate machine shown, and polyoxyalkylene 
chain, the stable voltage and stable current are given and there is the feature of having high reliability. 



[Translation done.] 
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TECHNICAL PROBLEM 

[Description of the Prior Art] In recent years, as for the lithium cell, highly-efficient-izing, a 
miniaturization, and thin shape-ization are progressing much more with development of 
microelectronics. Improvement of the electrolyte with which the material of a negative electrode and 
a positive electrode and improvement of a form are also included in it with last thing in this lithium 
cell is demanded, and a solid electrolyte is becoming important in the meaning which especially gives 
a solid state, high flexibility, and high fabricating-operation nature. Furthermore, various advanced 
properties, such as high ion conductivity, the high lithium ion transference number, high-reliability, 
and moisture resistance, are demanded. The solid electrolyte material which dissolved lithium salt in 
the macromolecule resin matrix, and it was made to distribute as such an electrolyte conventionally is 
known. Composition of the solid electrolyte which combined the polyorganosiloxane chain and the 
polyethylene-oxide (PEO) chain especially is tried briskly. For example, make a siloxane and PEO 
construct a bridge over JP,62-209169,A by the hydrosilylation reaction and radiation (electron ray 
etc.) irradiation by the platinum catalyst, the obtained bridge formation object is made to distribute a 
lithium ion, and what was made into the solid electrolyte is indicated. Moreover, the lithium cell 
incorporating these solid electrolytes is indicated by JP,63-170857,A. However, by these methods, in 
order to dissolve two or more sorts of raw materials, the organic solvent needed to be used. Use of the 
organic solvent had a possibility of having caused complicated-ization of about [ being inapplicable 
to some products ] or a process, and causing aggravation of a work environment, the injury on the 
charge of an edge strip, remains of the organic solvent to an end product, etc. Moreover, even if it 
could dissolve the raw material by the organic solvent, the conclusion nature of crosslinking reaction 
was not completely guaranteed by starting phase separation in process in which the organic solvent 
evaporates etc., but since it was connected with a lack [ deterioration of the quality of a product, and 
repeatability ] etc. after all, there was a problem in utilization. Furthermore, the lithium cell which 
included the solid electrolyte which made the polystyrene which carried out the graft of the 
polyethylene-oxide chain distribute lithium salt in JP,2-230667,A is indicated. Although the 
homogeneity of material improved in this method, there were the following faults. That is, in the 
solid electrolyte of form which distributes the lithium salt stated by JP,63-170857,A, JP,2-230667,A, 
etc., it was that to which movement of an anion takes place simultaneously with a lithium ion by 
electric conduction. In many cases, movement of an anion has many evils and bird clappers. For 
example, when polarization happens into an electrolyte by movement of an anion at the time of 
charge and discharge, the structure of an electrode / electrolyte interface will change with time, and 
the stationary current accompanying movement of a metal ion will not flow. Although an anion 
cannot but exist for charge compensation with a cation, production of reducing the mobility if 
possible, i.e., a cation independent conduction-type solid electrolyte, is tried. For example, after 
making Chemical Society of Japan 1988 spring annual convention lecture number 2XIIC08 carry out 
the plasma polymerization of the benzenesulfonic-acid methyl ester to octamethylcyclotetrasiloxane, 
it is made to compound PEO and the lithium ion independent conduction-type solid electrolyte thin 
film to which sulfonate ion was fixed is indicated by processing with an iodation lithium further. 
However, the plasma polymerization had the fault of it having been difficult to acquire the structure 
of the macromolecule which a reaction means [ complicated hatchet ], and not becoming a perfect 
lithium ion independent conduction-type solid electrolyte, in this case. Furthermore, there was a fault 
that the application range had restrictions, for a plasma polymerization. Thus, even if it was the case 
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where a solid electrolyte was incorporated even if, since the lithium cell proposed till present all had 
the fault in the property or the manufacture method of the solid electrolyte itself, it was not what the 
property and manufacturing method of a cell should satisfy. 

[0003] When there were no above faults, the material which makes it come to distribute a lithium ion 
in a specific macromolecule copolymer bridge formation object was excellent in ion conductivity, 
and may have turned into cation independent conduction-type solid electrolyte material by moreover 
operating composition, as a result of inquiring wholeheartedly that this trouble should be solved, and 
it incorporated as an electrolyte of a lithium cell, this invention persons found out that the above 
faults could be wiped away, and reached this invention. The purpose of this invention is to offer all 
the solid-state lithium cells that give the stable voltage and current. 



[Translation done.] 
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OPERATION 

[The solution means and operation of a technical problem] In the lithium cell with which the negative 
electrode to which this this invention makes an active material a metal lithium* a lithium alloy* or 
lithium insertion type carbon* and the positive electrode are constituted through the electrolyte The 
formula, -COO-Li+ which the aforementioned electrolyte combined with the silicon atom through the 
hydrocarbon group It is related with the lithium cell characterized by the bird clapper from the 
macromolecule copolymer bridge formation object which consisted of a polyorganosiloxane chain 
containing the lithium carboxylate machine shown* and a polyoxyalkylene chain content high 
molecular compound. 

[0005] The lithium cell as used in the field of this invention points out both the primary cell which 
are all solid-states* and the rechargeable battery in which charge and discharge are possible for 
explaining this. As a factor which determines primary or secondary* it is mainly the kind of positive 
active material. In this invention* since it aims at the lithium ion independent conductivity previously 
described as one of the highly-efficient-izing of a lithium cell* it is necessary to make second order 
so-called rocking-chair type composition also in which the first order as a form of a lithium cell. That 
is* managing the cell reaction in positive/negative two poles is taken only as a lithium ion. Therefore* 
it is necessary to be the form from which it sets to a positive electrode* and a lithium ion is inserted 
and (at the time of electric discharge) desorbed (at the time of the charge in a rechargeable battery). 
Although it does not have the sandwich structure of a negative-electrode-solid electrolyte-positive 
electrode as structure of a cell and a size* thickness* and a gestalt are not limited* Oshi's thing is 
typically possible even for a coin type and the cylinder type of a spiral method from area 2 and the 
paper type with a thickness of about about 1mm of several cm. Although a negative electrode uses a 
lithium metallic foil typically* especially if the lithium metal as a negative-electrode active material is 
the conductive sheet which exists with the gestalt effective in electrode reaction* it will not be 
limited. For example* the thing by which the lithium etc. was held* or a lithium-aluminium alloy is 
mentioned to a carbon sheet. Although it will not be limited as an active material of a positive 
electrode especially if the above-mentioned cell reaction can be started* an inorganic stratified 
compound is used typically. For example* manganese dioxide* oxidization vanadium* 2 titanium 
sulfides* cobalt oxide* nickel oxide* molybdenum sulfides* these complex* etc. are used. It is usually 
weak, and the work to which conductivity uses an organic resin for a low sake as caking additive* and 
it is made a tabular is carried out* or* as for these compounds* a carbon particle etc. is added as a 
conductive grant agent. Moreover* it is suitable if the stratified compound which made structure 
incorporate a lithium atom in part from the permanence of the layer structure by the cycle of charge 
and discharge or the absorptivity and desorptivity of a lithium ion is used when building especially a 
rechargeable battery. 

[0006] subsequently* explaining the above-mentioned macromolecule copolymer bridge formation 
object this bridge formation object — the alkylene machine of the carbon numbers 1-8* such as a 
methylene group, an ethylene* a propylene machine* a butylene machine* a pentylene machine, a 
hexelene machine* a heptylene machine* and an octylene machine* — a hydrocarbon group which is 
illustrated with the arylene machine of the carbon numbers 8-20* such as* phenylene group and a 
naphthylene machine It consisted of the lithium carboxylate machine content polyorganosiloxane 
chains and polyoxyalkylene chain content high molecular compounds which were minded and were 
combined with the silicon atom and which have a formula and the chemical structure shown by - 
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COO-Li+. About the kind of the high molecular compound, a gestalt, and especially crosslinking 
density, it is not limited that what is necessary is just to be. 

[0007] Since the basis (-COO-) in which the solid electrolyte of this invention contains the above 
anions is combined with the silicon atom through the hydrocarbon group, the mobility of an anion is a 
low extremely. Therefore* in this macromolecule copolymer bridge formation object* a lithium ion 
dissociates from an anion* and when a lithium ion moves* ion conductivity is discovered. If the kind 
of anion which exists in a macromolecule copolymer bridge formation object is only -COO-, this 
solid electrolyte material will work as a lithium ion independent conductor. 

[0008] The method of the following [ method / desirable about the manufacture method of this solid 
electrolyte ] is recommended. "How to manufacture by making the polyoxyalkylene chain content 
high molecular compound which has at least two hydroxyl groups in the polyorganosiloxane which 
has at least two carboxyl group content hydrocarbon groups in (A)l molecule* and (B)l molecule* 
and the mixture which consists of an alkali compound containing (C) lithium metal atom harden by 
the dehydration condensation reaction." 

[0009] The ratio of the siloxane unit which it is required to have two or more carboxyl group content 
hydrocarbon groups* and this carboxyl group content hydrocarbon group combined in 1 molecule in 
order for the polyorganosiloxane of the (A) component to form a macromolecule copolymer bridge 
formation object for explaining this* and the other siloxane unit What is within the limits of 0.01-100 
is desirable. Although any of the shape of a straight chain* the letter of branching* annular* reticulated* 
and the three-dimensional structure are sufficient as the molecular structure of this component* as for 
the ease of formation of a macromolecule copolymer bridge formation object to more than the half, it 
is desirable that they are the shape of a straight chain and a letter of branching. Moreover, although 
especially the molecular weight is not limited* in order to obtain the moderate hardness as the ease of 
manufacture* and a macromolecule copolymer bridge formation obj ect* it is desirable that it is within 
the limits of 1 million-1 million. (A) As the carboxyl group content hydrocarbon group of a 
component For example* the basis shown by general formula HOOC-R1 - (Rl is the arylene machine 
of the carbon numbers 6-20* such as an alkylene machine of the carbon numbers 1 -8* such as a 
methylene group* an ethylene* a propylene machine, a butylene machine* a pentylene machine* a 
hexylene machine* a heptylene machine* and an octylene machine* or a phenylene group* and a 
naphthylene machine* among a formula.) is mentioned* also in these, a carboxy alkyl group is 
desirable and especially a carboxy propyl group is desirable (A) As organic machines other than the 
carboxyl group content hydrocarbon group in a component, aralkyl machines* such as aiyl group; 
benzyls* such as alkyl group; phenyl groups* such as a methyl group* an ethyl group* and a propyl 
group* a tolyl group* and a xylyl group* and a phenethyl machine* are illustrated* for example. 
Moreover* as a basis combined with the silicon atom* a small amount of hydrogen atom and an 
alkoxy group may be contained. As for more than the half of the ORGANO machine combined with 
the silicon atom from a viewpoint of economical efficiency and the formation nature of a good 
macromolecule copolymer bridge formation object* it is desirable that it is a methyl group. As this 
polyorganosiloxane* the methyl carboxy propyl siloxane dimethylsiloxane copolymer by which chain 
both ends were blocked with the trimethylsiloxy machine* and the methyl carboxy propyl siloxane 
methylphenyl siloxane copolymer by which chain both ends were blocked with the trimethylsiloxy 
machine are mentioned* for example. Although various methods are learned as the synthetic method 
of this polyorganosiloxane, the annular object and end halt agent which are obtained by carrying out 
the cohydrolysis of the ORGANO dichlorosilane which has a cyano group as the one method, and the 
ORGANO dichlorosilane which does not have a cyano group are stirred in sulfuric-acid solution, and 
the reaction which a cyano group converts into a carboxyl group, and the method of making ring 
opening polymerization start are mentioned. 

[0010] (B) The high molecular compound of a component is the cross linking agent of the above- 
mentioned (A) component, and in order to carry out the work as a cross linking agent, it needs to 
contain at least two hydroxyl groups in 1 molecule. Moreover, although it is desirable to have 
polyoxyalkylene chain in a macromolecule copolymer bridge formation object for a high ion 
conductivity manifestation, for that, it is required in the high-molecular-compound structure of the 
(B) component to contain polyoxyalkylene chain. 
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[001 1] By the way* it is very important that the (A) component and the (B) component dissolve 
mutually in order that using a solvent in process may bring about the conclusion of about [ avoid ] 
and crosslinking reaction,, the structure of a bridge formation product* and the good repeatability of 
physical properties. (A) It is desirable to have the siloxane unit about the molecular structure and the 
chemical structure of the (B) component for dissolving with a component, and it is a general formula 
from the ease of formation of a macromolecule copolymer bridge formation object etc. [Formula 1] 

R* R* R 2 

I I I 

R 2 aS i 0 (S i 0) a (S i 0) b (S i 0) c S i Rh 

R* I R 3 - (R 4 0) p-R 5 

R 3 -(R'0)p-H 

(-- an organic machine univalent in R2* an organic machine divalent in R3„ an organic machine 
univalent [ 4 / R] in an alkylene machine and R5* and a and c are / integer / of 2-1000 / and p of 
integer / of 0- 1 000 / and b / the integers of 2- 1 00 among a formula The polyorganosiloxane which has 
polyoxyalkylene chain which has a hydroxyl group at the end shown by) as an at least 2 graft chain is 
desirable. As for this organopolysiloxane* aralkyl machines* such as aryl group; benzyls* such as alkyl 
group; phenyl groups* such as a methyl group* an ethyl group* and a propyl group* a tolyl group* and a 
xylyl group* and a phenethyl machine* are illustrated among an upper formula* as for R2. Moreover* a 
small amount of hydrogen atom and an alkoxy group may be contained in part. As for more than the 
moiety of R2* from a viewpoint of economical efficiency and the plasticity of a good macromolecule 
copolymer bridge formation object* it is desirable that it is a methyl group. R3 is divalent organic 
machines* such as arylene machines* such as an alkylene machine of the carbon numbers 1-8* such as 
a methylene group* an ethylene* a propylene machine* a butylene machine* a pentylene machine* a 
hexylene machine* a heptylene machine* and an octylene machine* or a phenylene group* and a 
naphthylene machine. R4 is alkylene machines* such as a methylene group* an ethylene* a propylene 
machine* a butylene machine* a pentylene machine* a hexylene machine* and a heptylene machine. R5 
is acyl groups* such as an alkyl group; acetyl group or propionyl machines* such as a methyl group* an 
ethyl group* and a propyl group. Although a and c are within the limits of 0-1000* b is within the 
limits of 2-1 000 and it is not limited especially* respectively* in order for the (A) component and the 
(B) component to dissolve* a and the ratfo of (b+c) have desirable within the limits of - (1 :5) (5:1). 
[00 1 2] Although various methods are learned as the synthetic method of this graft copolymer The 
method of making carry out the graft of the polyoxyalkylene which has an unsaturation hydrocarbon 
group at the polyoxyalkylene which has an unsaturation hydrocarbon group at the piece end at the 
polyorganosiloxane which a part of side chain replaced by the hydrogen atom as the one method* and 
has an acyloxy machine at the other ends* and the piece end* and has a trimethylsilyl machine at the 
other ends by the hydrosilylation reaction with a predetermined ratio* and converting only the 
trimethylsilyl machine of a graft end into a hydroxyl group by the alcohol of an excessive amount 
after an appropriate time is mentioned. 

[0013] (B) Although a component is a high molecular compound which has at least two hydroxyl 
groups in the above 1 molecules* and contains polyoxyalkylene chain in structure When higher ion 
conductivity is required This high molecular compound is general formula HO-(R60) q-H (an 
alkylene machine and q of R6 are the integers of 1 - 1 00 among a formula.). Polyoxyalkylene or HO- 
(R70) r-R8 (an organic machine univalent [ 7 / R] in an alkylene machine and R8 and r are the 
integers of 1 - 1 00 among a formula.) which has a hydroxyl group in the chain both ends shown It is 
desirable that it is polyoxyalkylene which has a hydroxyl group at the piece end of a chain shown. R6 
and R7 of the upper formula of this polyoxyalkylene are alkylene machines* such as a methylene 
group* an ethylene* a propylene machine* a butylene machine* a pentylene machine* a hexylene 
machine, and a heptylene machine. R7 is acyl groups* such as an alkyl group; acetyl group or 
propionyl machines* such as a methyl group* an ethyl group* and a propyl group, q and r are within 
the limits of 1-100* and its within the limits of 5-20 is desirable. The condensation reaction of the 
polyoxyalkylene which has a hydroxyl group at the polyoxyalkylene or the piece end of a chain which 
has a hydroxyl group in these chain both ends is carried out to the above-mentioned (A) component* 
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and it carries out the work which increases the content of the bridge formation chain of 
polyoxyalkylene, or a graft chain into a macromolecule copolymer bridge formation object. Even if 
this bridge formation chain or a graft chain does not exists the bridge formation chain or graft chain of 
polyoxyalkylene can be made to form by the polyoxyalkylene chain in a high molecular compound in 
this invention. Since there is a limitation in the amount of introduction of the polyoxyalkylene chain 
in a high molecular compound in the conditions which the (A) component and the (B) component 
dissolve, make it however, more desirable to contain the polyoxyalkylene which has a hydroxyl group 
at the polyoxyalkylene or the piece end of a chain which has a hydroxyl group in chain both ends in 
the (B) component Moreover, in this invention, the direction where the graft chain of 
polyoxyalkylene existed a little in the macromolecule copolymer bridge formation object is in the 
inclination whose ion conductivity improves. 

[0014] (C) Although a component is an alkali compound containing a lithium atom and especially the 
kind is not limited, a hydroxide, an alcoholate, a hydride, etc. are desirable and it is desirable to be 
used, especially the gestalt of a hydroxide, i.e., a lithium hydroxide, (LiOH). This (C) component 
i carries out the role which finally forms the carboxyl group in the (A) component into lithium 
carboxylate by dehydration at the same time it carries out the catalysis of the esterification reaction of 
the (A) component and the (B) component. Consequently, as a macromolecule copolymer bridge 
formation object, it is fixed to a siloxane polymer chain and an anion (carboxylate ion) becomes the 
gestalt by which the cation (lithium ion) which is a counter ion was distributed. Moreover, as for the 
variance, it is desirable that ratio ratio [ of the number of mols [Li+] of a lithium ion to the number of 
mols of the oxy-alkylene machine in a macromolecule copolymer bridge formation obj ect [RO] ] 
[Li+]/[RO] sets to 0.005-0.25, and it is 0.02-0. 1 more preferably, this - this ratio if 0.25 is exceeded - 
- the polarity of a macromolecule copolymer bridge formation object - going up - the 
maneuverability of a segment — . bad - becoming — . moreover - It is because ion conductivity high 
from the fall of the number of carriers will become difficult to get if it becomes less than 0.005. 
Moreover, the number of mols of the carboxyl group in the (A) component, the number of mols of the 
hydroxyl group in the (B) component, and the ratio of the sum total of the alkali equivalent in the (C) 
component are within the limits of - (1:10) (10:1), and its within the limits of - (1.0:1.2) (1.2:1.0) is 
desirable. Although the macromolecule copolymer abridge formation object with which the 
esterification reaction occurred and solidified (A) - (C) component by any ratio for this is obtained 
(B) When the ratios of the number of mols of the number of mols of the hydroxyl group in a 
component, the sum total of the alkali equivalent in the (C) component, and the carboxyl group in the 
(A) component differ sharply, be in the inclination which will be in the state where an unreacted 
carboxyl group or an unreacted hydroxyl group remained in solid electrolyte material. Since it is 
expected that evils, such as a reaction with electrode material, happen when the solid electrolyte in 
this state is included in a cell, it is not desirable. Moreover, if the above-mentioned mole ratio is set to 
1 , an anion kind will serve as only carboxylate ion to which only the lithium ion was fixed, and a 
cation kind will serve as a perfect lithium ion independent conduction-type solid electrolyte. 
[0015] Although the mixture which consists of a (A) component - (C) component in this method is 
stiffened by the dehydration condensation reaction and a macromolecule copolymer bridge formation 
object is made to form, this bridge formation object is mainly formed of the esterification reaction of 
the carboxyl group in the (A) component, and the hydroxyl group of the (B) component. 
Esterification reaction catalysts, such as a conventionally well-known reaction means, for example, 
alkali etc., by which it is used for the reaction of a carboxyl group and a hydroxyl group as the 
reaction means, are used, and the method of making it react to the bottom of ordinary temperature or 
heating can be used. Moreover, in order that heating may remove the water which is the by-product 
generated by the esterification reaction at the same time it promotes this esterification reaction, it is 
an effective technical means, and the temperature is usually 150 degrees C or less. Moreover, this 
crosslinking reaction can be performed on condition that a non-solvent. (A) A component and the (B) 
component are uniformly mixable easily by operation of stirring etc. (C) You may add, after making 
it dissolve in the (B) component beforehand or mixing the (A) component and the (B) component, 
since a component has solubility to an oxy-alkylene chain. (C) Although operation of stirring etc. is 
also possible for the dissolution to the oxy-alkylene chain of a component, for dissolution time 
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shortenings operation of heating or ultrasonic irradiation or addition of very little water is effective. 
Moreover when use of the organic solvent is permissible in a dissolution process* a (A) component - 
(C) component may be mixed and dissolved in the organic solvent* and a solvent may be evaporated 
after an appropriate time. Although especially this organic solvent is not limited* a tetrahydrofuran* a 
dioxane* an acetonitrile* a JIMECHI formamide* and dimethyl sulfoxide are mentioned* for example. 
Moreover* since this esterification reaction generates water as a by-product* it is desirable to put the 
mixture of a (A) component - (C) component under reduced pressure finally, for example* the method 
of heating under reduced pressure* after advancing an esterification reaction to some extent under 
ordinary-pressure heating* and performing simultaneously the removal of water and the conclusion of 
an esterification reaction which were generated is recommended. However* when a solvent is used for 
a dissolution process* after advancing an esterification reaction to some extent below with the boiling 
point of the organic solvent under an ordinary pressure* the organic solvent is evaporated and it is 
necessary to heat under reduced pressure after an appropriate time. 

[0016] Although the lithium cell of this invention comes to combine the above-mentioned positive 
electrode* a negative electrode* and a solid electrolyte* it is not limited especially about the building 
method. You may combine three persons* after producing each separately. However* since the 
efficiency as a cell increases so that the touch area in an interface is generally large* after carrying out 
the cast of the mixture of a solid electrolyte raw material on a positive electrode* making crosslinking 
reaction perform and film-izing* the method of making a negative electrode rival is recommended, in 
order that [ moreover* ] a negative electrode and a solid electrolyte may receive transformation with 
moisture — production of a cell — . dry air ~ it is necessary to carry out in the atmosphere of inert gas* 
such as an argon* preferably 
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EXAMPLE 

[Example] Hereafter, an example explains this invention to a detail more. In addition, measurement 
of the ionic conductivity of a solid electrolyte was performed by the following method. The solid 
electrolyte was cast in the shape of a film, and it considered as test sample. After measuring the 
thickness of this sample with a micrometer, the platinum electrode of the shape of a circular plate 
with a diameter of 1cm is stuck to both sides of a sample. After installing in the reduced pressure 
container which can set this whole as arbitrary temperature, decompressing to the high vacuum of 10 
to 5 or less Torrs and the state of a sample fully reaching a balance, 5Hz - 13MHz alternating voltage 
was impressed by the LCR meter (4192made from YOKOGAWA ELECTRIC Hewlett Packard A), 
and conductivity was measured by the complex impedance method. 
[0018] 

[Example 1] What is depended on the conventional technology (sample 2) was produced for the thing 
(sample 1) depended on this invention as a solid electrolyte, and property comparison, 
[0019] Stirring mixture of compound (l)0.384g, compound (2)0.450g, compound (3)0.167g, 12.2mg 
of lithium hydroxides, and 0.1 6g of water shown in the sample 1 following was carried out, the 
ultrasonic wave was irradiated, and it was made to fully dissolve. After slushing this solution into the 
pan made from the Teflon of 3cm around and heating it at 120 degrees C on a hot plate for 2 hours, 
when the vacuum drying was carried out for four days at 140 degrees C by the vacuum dryer, the film 
with the transparent thickness of 0.3mm was obtained. Since that the peak originating in a hydroxy! 
group and an isolation carboxylic acid is not accepted, the stretching-vibration peak of the carbonyl 
group by esterification being seen by 1 740cm- 1 , and the unsymmetrical stretching-vibration peak by 
carboxylate ion were seen by 1 600cm- 1 when the infrared absorption spectrum of this film was 
investigated, it turns out that the esterification reaction is performed nearly completely. When the ion 
conductivity of a film was measured, the value of 2.0x10-7 S-cm -1 was acquired at 25 degrees C. 
Compound (1): [Formula 2] 

CHa CHa CH 3 CHa 

II II 
CHaS i 0 (S i 0) 35 (S i O) 6*S i CHa 

II I I 

CHa I CHa CHa 

(CHa) aCOOH 

Compound (2): [Formula 3] 

CHa CHa CHa CHa 

II II 
CHaS i O (S i O) a (S i O) ? S i CHa 

li II 

CHa I CHa CHa 

(CH 2 ) a (CHaCHaO) i*H 

Compound (3): HO(CH2CH20)12CH3 [0020] After having carried out stirring mixture of compound 
(l)0.278g, compound (2)0.527g, compound (3)0.195g, and 30.8mg of lithium perchlorates used by 
sample 2 sample 1, having irradiated the ultrasonic wave, making it fully dissolve and adding 3micro 
of decinormal hydrochloric-acid ethanol solutions 1, when the same stoving processing as a sample 1 
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was performed, the film with the transparent thickness of 0.3mm was obtained. When the infrared 
absorption spectrum of this film was investigated, it turns out [ that the peak originating in a hydroxyl 
group and an isolation carboxylic acid is not accepted, and / as which the stretching-vibration peak of 
the carbonyl group by esterification is regarded by 1 740cm- 1 ] that the shell and the esterification 
reaction are rattlingly performed nearly completely. When ion conductivity was measured, the value 
of 4.8x10-5 S-cm -1 was acquired at 25 degrees C. 

[0021] The lithium foil with a diameter [ of 1cm ] and a thickness of 0.14mm was stuck to both sides 
of the sample 1 with a direct-current-voltage impression examination thickness of 0.3mm and a 
sample 2, this whole was installed in the reduced pressure container, after it decompressed to the high 
vacuum of 1 0 to 5 or less Torrs at 25 degrees C and the state of a sample fully reached the balance, 
the direct current voltage of IV was impressed to both the lithiums foil, and flowing aging of current 
was observed. By the sample 1, 5.2micro of early current A continued for about two days, and it was 
confirmed that this ion conductivity material is cation independent conduction-type ion conductivity 
material. On the other hand, two days after by the sample 2, 79micro of early current A fell to 
4.4microA. Subsequently, the lithium cell was constituted using the solid electrolyte of samples 1 or 
2. The lithium-manganese multiple oxide used as a positive-electrode material was prepared by the 
method stated to SanyoTechnical Review and 20,1 14 (1989) by Noma and others. Lithium hydroxide 
After often mixing 0. 1 1 8g and 1 g of chemosynthesis manganese dioxide, it heated in 20-hour air at 
375 degrees C, and the specified substance was obtained. When casting to an electrode, Teflon 5mg 
was added as acetylene black 20mg as 30mg of this lithium-manganese multiple oxide, and an 
electric conduction agent, and a binder, pressurization molding was carried out, and it obtained. The 
cross section of the cell produced using this positive electrode was shown in drawing 1 . The charge- 
and-discharge cycle test was performed about the lithium cell with which samples 1 or 2 were 
incorporated. 3.5V and minimum voltage at the time of electric discharge were performed for the 
upper limit voltage at the time of charge as 2.5V by the constant current (3.77 or 37.7microA/cm -2). 
The voltage-time curve in a cycle typical to drawing 2 was shown. By the cell (a) incorporating the 
sample 1 obtained by this invention, not seeing and the inclination to go up further has most decline 
in the efficiency accompanying the repeat of charge and discharge. In the cell (b) incorporating the 
sample 2 obtained with the conventional technology, and the (example 1 of comparison), decline in 
the efficiency by the repeat of charge and discharge was seen. Transition of the service capacity for 
every cycle was shown in drawing 3 . To having seldom changed the service capacity for every cycle 
by the cell (a) incorporating the sample 1, but being stable, in the cell (b) incorporating the sample 2, 
and the (example 1 of comparison), stability was missing and service capacity also fell gradually. 
[0022] 

[Example 2] Compound (4)10g shown below was dissolved in about 500ml toluene / n-butyl alcohol 
(1/1) mixed solvent, the 76.42mg lithium hydroxide was added, it fully stirred, and the carboxyl 
group in a compound (4) was made to form into lithium carboxylate completely. Stirring mixture of 
compound (5)0.154g which removes a solvent completely after an appropriate time, and is shown in 
0.772g of obtained oily matter and the following, and the compound (6)0.074g was carried out, the 
ultrasonic wave was irradiated, and it was made to fully dissolve. After adding about 20mg of phenyl- 
1-hide ROKISHI isopropyl ketones to this mixture as a photosensitizer (4-isopropyl), when it slushed 
into the pan made from the Teflon of 3 cm around and the ultraviolet rays of 160 W/cm from a high- 
pressure mercury lamp were irradiated for 6 seconds in 5cm distance from the perpendicular upper 
part, the film with the transparent thickness of 0.3mm was obtained. After carrying out reduced 
pressure drying of this for two days at 70 degrees C furthermore, when ionic conductivity was 
measured, the value of 1.6x10-7 S-cm -1 was acquired at 25 degrees C. Moreover, when the same 
direct-current-voltage impression examination as an example 1 was performed, the current of 
4.7microA continued for about two days. When the still more nearly same lithium cell as an example 
1 was produced, early service capacity is 2.5 mAh/g and became 20 cycle eye with 2.3 mAh/g. 
Compound (4): [Formula 4] 
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CHa CHa CHa CHa CHa CHa 

II I III 

CHaSiO (Si0)i6 (SiO)»- (SiO)a CSiO)«SiCH. 
I I J I I 

CHa (CH 2 )aSH I CHa CHa 

(CHa)aCOOH 
(CH 2 )aS (CH 2 )aO (CHaCHaO) 12 C Ha 

Compound (5): CH2=CH-CH20(CH2CH20)12CH2-CH=CH2 compound (6):CH2=CH-CH20 
(CH2CH20)12CH3 [0023] 

[Example 3] Compound (7)1 Og shown below was dissolved in about 500ml toluene / n-butyl alcohol 
(1/1) mixed solvent, the 86.67mg lithium hydroxide was added, it fully stirred, and the carboxyl 
group in a compound (7) was made to form into lithium carboxylate completely. Stirring mixture of 
compound (5)0.170g which removed the solvent after an appropriate time completely, and used it for 
it in 0.749g of obtained oily matter and the example 1, and the compound (6)0.081g was carried out, 
the ultrasonic wave was irradiated, and it was made to fully dissolve. After 2.47microl Adding a 
chloroplatinic-acid 6 hydrate (H2PtC16.6H20) isopropyl alcohol solution to this mixture 2% of the 
weight as a hydrosilylation catalyst, it slushed into the pan made from the Teflon of 3cm around, and 
when heated within the oven adjusted to 70 degrees C for 2 hours, the film with the transparent 
thickness of 0.3mm was obtained. After carrying out reduced pressure drying of this for two days at 
70 degrees C furthermore, when ionic conductivity was measured, the value of 1.8x10-7 S-cm -1 was 
acquired at 25 degrees C. Moreover, when the same direct-current-voltage impression examination as 
an example 1 was performed, the current of 49microA continued for about two days: When the still 
more nearly same lithium cell as an example 1 was produced, early service capacity is 3.5 mAh/g and 
became 20 cycle eye with 2.9 mAh/g. 
Compound (7): [Formula 5] 

CHa CHa CHa 

I I I 

CHaS i O (S i O) e (S i O) 16 

CHa 1 H 

(CH e ) 3 COOH 



CHa CHa CHa 

I I I 

CS i 0) is (S i 0) 64 S i CHa 
1 I 

C Ha C Ha 
CCHa) aO (CHaCHsO) iaCHa 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the cross section of the lithium cell of this invention. 
[Drawing 2] Drawing 2 a shows a time change of the voltage by the charge and discharge under the 
constant current (3.77microA/cm2) of the lithium cell obtained in the example 1, and drawing 2 b 
shows time change of the voltage by the charge and discharge under the constant current 
(37.7microA/cm2) of the example 1 of comparison. In addition, in drawing 2 a and drawing 2 b, v is 
voltage, and t is elapsed time. 

[Drawing 3] Drawing 3 a shows transition for every cycle of the service capacity by the charge and 
discharge under the constant current (3.77microA/cm2) of the lithium cell obtained in the example 1, 
and drawing 3 b shows transition for every cycle of the service capacity by the charge and discharge 
under the constant current (37.7microA/cm2) of the lithium cell of the example 1 of comparison. In 
addition, in drawing 3 a and drawing 3 b, D.C. is service capacity, and C.T. is the number of cycles. 1 
— the spacer made from Teflon, and 2 a nickel network and 3 - a nickel network and 4 -- a positive 
electrode (lithium-manganese multiple oxide) and 5 - a solid electrolyte and 6 - a negative electrode 
(lithium foil) and 7 — a nickel network (what stuck the lithium foil by pressure), and 8 - a nickel 
network and 9 - lead wire 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 



D.C. 
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